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1

LIQUID EJECTION HEAD AND METHOD
FOR PRODUCING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mmvention relates to a liqud ejection head
which ejects a liquid, and a method for producing the same.

2. Description of the Related Art

U.S. Pat. No. 7,600,856 discloses a liquid ejection head
which has an orifice plate formed of an 1norganic material. In
U.S. Pat. No. 7,600,856, firstly, a mold matenal 1s formed in
a portion 1n which a liquid chamber 1s formed. Subsequently,
an orifice plate 1s formed on the mold material with a chemi-
cal vapor deposition method (CVD: Chemical Vapor Depo-
sition).

SUMMARY OF THE INVENTION

The present invention provides a liquid ejection head
which includes a substrate having an ejection-energy-gener-
ating element for generating energy for ejecting a liquid; an
orifice plate including at least an ejection-orifice-forming
wall that constitutes an ejection orifice for ejecting the liquid
and an upper wall of a liquid chamber commumicating with
the ejection orifice, and a liquid chamber side wall that con-
stitutes a side wall of the liquid chamber, wherein the orifice
plate 1s formed of an morganic material, the liqud ejection
head 1ncludes a plurality of liquid chambers; and an elastic
member filled mto a depressed portion formed between the
liquid chamber side wall of one liquid chamber of the liquid
chambers adjacent to each other and the liquid chamber side
wall of the other liquid chamber, and an upper end of the
clastic member 1s arranged 1n a position higher than an upper
face of the e¢jection-orifice-forming wall.

The present invention provides a method for producing the
liquid ejection head, which includes: (1) forming a mold
maternal of the liguid chamber on the substrate; (2) forming
the orifice plate on the mold material by a chemical vapor
deposition method; (3) forming an etching mask so as to
cover the orifice plate; and (4) forming the ejection orifice by
using the etching mask, wherein the etching mask 1s leit to
function as the elastic member.

Further features of the present invention will become
apparent from the following description ol exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, 1C and 1D are schematic cross-sectional
views 1llustrating examples of a configuration of a liquid
ejection head according to an embodiment of the present
embodiment.

FIGS. 2A, 2B, 2C, 2D, 2E and 2F are cross-sectional
process diagrams 1llustrating a process example of a method
tor producing a liquid ejection head according to an embodi-
ment of the present embodiment.

FIG. 3 1s a schematic perspective view 1llustrating an
example of a configuration of a liquid ejection head according
to an embodiment of the present embodiment.

FIGS. 4A, 4B, 4C, 4D, 4F, 4F, 4G, 4H and 41 are cross-
sectional process diagrams 1llustrating a process example of a
method for producing a liquid ejection head according to an
embodiment of the present embodiment.

FIGS. 5A, 5B, 5C, 5D, 5SE, 5F, 5G, SH and 51 are cross-

sectional process diagrams 1llustrating a process example of a
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2

method for producing a liquid ejection head according to an
embodiment of the present embodiment.

FIGS. 6A, 6B, 6C, 6D, 6E, 6L, 6G, 6H and 61 are cross-

sectional process diagrams 1llustrating a process example of a
method for producing a liquid ejection head according to an
embodiment of the present embodiment.

DESCRIPTION OF THE EMBODIMENTS

Preferred embodiments of the present invention will now
be described 1n detail 1n accordance with the accompanying
drawings.

In the method described 1in U.S. Pat. No. 7,600,856, when
the orifice plate 1s formed with the use of an mnorganic mate-
rial, the orifice plate tends to have low toughness and 1s
occasionally inferior in durability, which comes from the
nature of the morganic material. Because of this, there has
been the case where the e¢jection-orifice-forming wall of the
orifice plate 1s broken by an external force originating in the
clogging of paper or the like, and where the liquid ejection
head cannot control the liquid ejection.

Thus, an object of the present imnvention 1s to provide a
liquid ejection head which has an orifice plate formed of an
inorganic material and 1s excellent 1n durability.

A liqud ejection head provided by the present invention
can be mounted on an apparatus such as a printer, a copying
machine, a facsimile having a communication system, and a
word processor having a printer unit, and further on an indus-
trial recording apparatus which 1s combined complexly with
various processing apparatuses. By using the apparatus hav-
ing the liquid ejection head mounted thereon, an 1mage can be
recorded on various recording media such as paper, yarn,
fiber, leather, metal, plastic, glass, wood and ceramics. In the
present mnvention, “recording” means not only an operation of
gving an image having meaning such as a character and a
figure, but also an operation of giving an 1mage having no
meaning such as a pattern, onto a recording medium. Further-
more, “liquid” should be widely interpreted, and shall mean a
liquid which 1s provided onto a recording medium for form-
ing an 1mage, a design, a pattern and the like thereon, for
processing the recording medium, or for treating ink or the
recording medium. Here, treating the ik or the recording
medium 1ncludes, for instance, enhancing the fixability of ink
to be given onto the recording medium by solidifying or
insolubilizing a coloring material 1n the ink, enhancing a
recording grade or color developability, and enhancing the
durability of an image.

In addition, 1n the following description, amain application
example of the present invention will be described regarding
an 1k jet recording head, but the applicable range of the
present mnvention 1s not limited to the ik jet recording head.
In addition, the liquid ejection head can be applied also to a
method for producing a liquid ejection head for use 1n pro-
ducing a biochip and 1in printing an electronic circuit, in
addition to the mnk jetrecording head. The liquid ejection head
1s, for 1nstance, used also 1n producing a color filter, and the
like.

The present mvention will be described below while
embodiments are described with reference to the drawings.
However, the embodiments described below do not limit the
scope of the present invention, and are provided so that the
present invention 1s suificiently described for those who have
ordinary skill in this art.

Embodiment 1

FIG. 3 1s a schematic perspective view illustrating an
example of a configuration of a liquid ejection head 20 of
Embodiment 1.
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FIGS. 1A to 1D are schematic views 1llustrating examples
of a configuration of liquid ejection heads of the present
embodiment, and are schematic cross-sectional views taken
along line I-I 1n FIG. 3.

FIGS. 2A to 2F are cross-sectional process diagrams for
describing a method for producing a liquid ejection head of
the present embodiment.

In FIG. 3, the liquid ejection head has a substrate 1 on
which ejection-energy-generating elements 2 are formed so
as to be aligned at a predetermined pitch. Each of the ejection-
energy-generating elements 2 1s formed on the substrate, and
may be formed so as to contact the substrate. Furthermore, the
gjection-energy-generating element 2 may be formed so as to
be 1n a state of floating 1n the air in the liquid chamber, that 1s,
may float in the air with respect to the substrate 1. The sub-
strate 1 1s, for instance, a silicon substrate. On a first face (face
on upper side in FIG. 3) of the substrate 1, an orifice plate 4 1s
arranged. The ornfice plate 4 includes at least an ejection-
orifice-forming wall 4a which forms an ejection orifice 8 for
¢jecting the liquid and the upper wall of a liquid chamber 9
that communicates with the ejection orifice 8, and a liquid
chamber side wall 46 which constitutes a side wall of the
liquid chamber 9. In addition, the orifice plate 4 includes a
substrate-contacting wall 4¢, which communicates with the
liquid chamber side wall 4b. The ejection orifice 8 opens
above the ejection-energy-generating element 2. In the sub-
strate 1, a supply port 5 1s formed which supplies a liquid such
as 1k to the liquid chamber 9. The supply port 5 opens to the
first face of the substrate 1 and to a second face (face on lower
side 1n FIG. 3) which 1s a face opposite to the first face. The
supply port 5 can be formed, for instance, by anisotropic
ctching. In the liquid ejection head, the liquid chamber 1s
f1lled with the liquid through the supply port 5, and the liquid
1s ejected through the ejection orifice 8 by applying a pressure
generated by the ejection-energy-generating element 2 to the
filled liquid. An 1mage 1s recorded by adhesion of the ejected
liquid to a recording medium.

In the present embodiment, the orifice plate 4 1s formed of
an iorganic material.

The liquid ejection head of the present embodiment also
includes a plurality of liquid chambers, and an elastic member
10 filled 1n a depressed portion which 1s formed between the
liquid chamber side wall of one liquid chamber of adjacent
liquid chambers and the liquid chamber side wall of the other
liquid chamber, that 1s, 1n a depressed portion 6 of the orifice
plate, which 1s formed between the adjacent liquid chambers.
In addition, the upper end of the elastic member 10 1s arranged
in a position higher than the upper face of an ejection-orifice-
tforming wall 4a. The upper end of the elastic member 10
means a place in an upper face of the elastic member 10 where
a distance from the first face is farthest 1n terms of the direc-
tion perpendicular to the first face of the substrate 1. If the
upper face of the elastic member 10 1s parallel to the first face,
any place of the upper face of the elastic member 10 results 1n
the upper end. As for the upper face of the ejection-orifice-
forming wall 4a, when there 1s a place where the upper face of
the ejection-orifice-forming wall 4a 1s apparently not parallel
to the first face of the substrate 1, the upper end of the ejec-
tion-orifice-forming wall 4a may be considered to be the
upper face. The embodiment will be more specifically
described below with reference to FIGS. 1A to 1D. In FIGS.
1A to 1D, the orifice plate 4 has a depressed portion 6 between
the respective two adjacent liquid chambers 9. Specifically,
the orifice plate 4 has a depressed portion 6 which 1s recessed
from the surface of the e¢jection-orifice-forming wall,
between a first liguid chamber side wall that forms the side
wall of a first liquid chamber and a second liquid chamber
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side wall that forms the side wall of the liquid chamber
adjacent to the first liquid chamber. Note that the first liquid
chamber side wall and the second liquid chamber side wall
face each other. The depressed portion 6 1s formed of a valley
portion between ridge portions which are formed of the liquad
chambers provided so as to project from the substrate, and 1s
formed between one liquid chamber side wall of the adjacent
liquid chambers and the other liquid chamber side wall facing
thereto. The depressed portion 6 1s formed on the substrate-
contacting wall 4¢. The elastic member 10 1s filled 1n the
depressed portion 6 and 1s arranged there. In addition, the
clastic member 10 1s arranged also outside the depressed
portion 6, and 1s formed so as to be thicker than the depth of
the depressed portion 6. The upper end of the elastic member
10 1s arranged 1n a position higher than the surface (upper
face) of the ejection-onfice-forming wall 4a. The elastic
member may be arranged also on the side wall of the end of
the orifice plate which does not constitute the depressed por-
tion.

The matenal of the elastic member 1s not particularly lim-
ited, but the elastic member can be formed of a resin, or a
rubber such as a silicon rubber, a nitrile rubber, a fluororubber
and an acrylic rubber. When patterning capability 1s consid-
ered, the elastic member can be formed of a photosensitive
resin material using a photosensitive resin. The photosensi-
tive resin material includes, for instance, OMR-81, OMR-83
and OMR-85 (any of which 1s trade name of product made by
TOKYO OHKA KOGYO CO., LTD.).

The Young’s modulus of the elastic member 10 can be
1.0x107 Pa or less. In addition, the Young’s modulus of the
elastic member 10 can be 1.0x10° Pa or more. When the
Young’s modulus of the elastic member 10 is 1.0x10’ Pa or
less, the liqud ejection head can more effectively absorb
shock, and the durability of the liquid ejection head can be
enhanced. When the Young’s modulus of the elastic member
10 is 1.0x10° Pa or more, the liquid ejection head can
adequately absorb shock. In addition, the Young’s modulus of
the elastic member 10 further can be 3.0x10° Pa or more, and
still further can be 4.0x10° Pa or more. In addition, the
Young’s modulus of the elastic member 10 further can be
7.0x10° Pa or less, and still further can be 6.0x10° Pa or less.

In order that a liquid 1s accurately ejected, it 1s important to
protect an ejection-orifice-forming wall which forms an ejec-
tion orifice. Thus, 1n the present embodiment, the elastic
member 10 1s filled 1n the depressed portion, and 1s formed so
as to be thicker than the depth of the depressed portion.
Specifically, a shock absorbing material 10 1s formed so that
the upper end of the elastic member 1s arranged 1n a position
higher than the upper face of the ¢jection-orifice-forming,
wall. Thereby, the ejection-orifice-forming wall 4a can be
clfectively prevented from coming in contact with an object
such as a recording paper sheet. In addition, even when the
upper end of the elastic member 10 has recerved a physical
shock, the elastic member 10 alleviates the shock by the
deformation 1n a longitudinal direction, because of being
formed comparatively thick, and can prevent a damage from
occurring 1n the orifice plate.

The height of the upper end of the elastic member 10 can be
higher than the height of the upper face of the ejection-orifice-
forming wall 4a by 3 um or more, and further can be higher by
4 um or more. In addition, the height of the upper end of the
clastic member 10 can be 30 um or less from the height of the
upper face of the ejection-orifice-forming wall 4a, further can
be 20 um or less therefrom, and still further can be 10 um or
less therefrom.

The configuration of the present embodiment will be

described below with reterence to FIGS. 1A to 1D.
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FIG. 1A and FIG. 1B are schematic cross-sectional views
illustrating forms 1n which an elastic member 10 1s arranged
also on an ejection-orifice-forming wall 4a (on upper face
thereot). In FIGS. 1A and 1B, the elastic member 10 1s pro-
vided so as to cover at least a part of the ejection-orifice-
forming wall 4a. When having received shock, the elastic
member 10 absorbs the shock by the deformation of the
elastic member itself. For this reason, as the volume of the
clastic member 10 1s larger, an effect of absorbing the shock
becomes larger. Thus, 1n FIG. 1A, the depressed portion 6 1s
filled with the elastic member 10, and the elastic member 1s
arranged further on the ejection-orifice-forming wall 4a.
Thereby, the volume of the elastic member 1s increased as
much as possible, and the efiect of absorbing the shock 1s
enhanced. In addition, the elastic member 10 1s arranged also
on the e¢jection-orifice-forming wall 4a, and thereby can
cifectively prevent the ejection-orifice-forming wall from
coming 1n contact with an object such as a recording paper
sheet.

In FIGS. 1A and 1B, the elastic member 10 has an opening
12 which communicates with the ejection orifice 8, on the
ejection-orifice-forming wall 4a. In FIG. 1A, the opening
width of the opening 12 of the elastic member 10 coincides
with the opeming width of the ejection orifice 8. Specifically,
the opening 12 1s formed so that the lower-side opening
portion of the opening 12 coincides with the upper-side open-
ing portion of the ejection orifice 8. In addition, i FIG. 1B,
the opening width of the opening 12 of the elastic member 10
1s larger than the opening width of the ejection orifice 8, and
1s smaller than the width of the ejection-orifice-forming wall
da. Note that the opening width described here 1s a width 1n a
direction parallel to the first face of the substrate 1.

FI1G. 1C 1illustrates a form in which the elastic member 10
1s not arranged on the ejection-orifice-forming wall 4a. Alter-
natrvely, in the form 1llustrated in FIG. 1C, the elastic member
10 has the opening 12 which communicates with the ejection
orifice 8, on the ejection-orifice-forming wall 4a, and the
opening width of the opening 12 1s the same as the width of
the ejection-orifice-forming wall 4a. In addition, the lower-
side opening portion of the opening 12 coincides with the
upper face of the ejection-orifice-forming wall 4a.

When the width of the opening 12 in FIG. 1A 1s represented
by ‘a’, the width of the opening 12 i FIG. 1B 1s represented
by ‘b’, and the width of the opening 12 in FIG. 1C 1s repre-
sented by ‘c’, the widths form a relationship of a<b<c.

In any of FIGS. 1A, 1B and 1C, the upper end of the elastic
member 10 1s arranged 1n a position higher than the upper face
of the g¢jection-orifice-forming wall. Due to this configura-
tion, the liquid ejection head can prevent the ejection orifice
from coming 1n contact with a paper sheet, even when paper
jam has occurred. In addition, even when an external force 1s
applied to the surface of the head, the elastic member can
absorb the external force. As a result, the external force which
will reach the orifice plate formed of the tnorganic material 1s
reduced. Because of this, the liquid ejection head of the
present embodiment 1s configured so as not to easily be bro-
ken by the external force.

In addition, the forms illustrated 1n FIGS. 1A, 1B and 1C
have each different advantage.

In FI1G. 1A, the whole surface of the ejection-orifice-form-
ing wall 4a 1s covered with the elastic member and accord-
ingly an object does not come in direct contact with the
¢jection-orifice-forming wall 4a. Accordingly, the liqud
ejection head 1s further configured so as not to easily be
broken by an external force.

In FIG. 1C, the elastic member 10 1s not arranged on the
ejection-orifice-forming wall 4a. The thickness of the paper
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6

sheet which 1s commonly used 1s suificiently larger than the
opening width ‘c’, and accordingly the paper sheet does not
come 1n direct contact with the ejection-orifice-forming wall
da. Thus, the elastic member on the ¢jection-orifice-forming
wall 4a 1s omitted. Due to a configuration like this, the shock

does not easily reach the ejection-orifice-forming wall from
the elastic member.

The liquid ejection head 1n FIG. 1B has effects 1n the above
described FIG. 1A and FIG. 1C, and 1s suitable for the case
where the width of an object that has a possibility of coming
in contact with the ejection orifice 1s larger than the width ‘a’
of the ¢jection orifice, and 1s smaller than the width of the
ejection-orifice-forming wall 4a.

Thus, 1n the present embodiment, the configuration con-
cerning the opening width of the opeming 12 can be selected
so as to match a printing environment, 1n consideration of the
thickness of a recording medium such as paper, which 1s used
in a printer having the liquid ejection head mounted thereon;
the size of an object other than the recording medium, which
has a possibility of coming in contact with the ejection orifice;
and the like.

Furthermore, there can be a form 1illustrated in FIG. 1D as
a configuration of the present embodiment. In FIG. 1D, the
upper face of the elastic member 10 1s formed 1nto a shape
having a plurality of micro roughness structures. The upper
face of the elastic member 1s formed 1nto a structure having
the micro roughness, thereby a capability of alleviating the
shock of the elastic member can be enhanced, and the liquid
¢jection head can be provided which further resists being
broken by an external force.

Embodiment 2

Next, examples of steps in a production method of the
present embodiment will be described with reference to
FIGS. 2A to 2F.

Firstly, as 1s illustrated 1n FI1G. 2A, a substrate 1 1s prepared
which has a plurality of ejection-energy-generating elements
2 on the first face.

The substrate 1 can be a silicon single-crystal substrate on
which a driving circuit or a wiring that connects the driving
circuit with the ejection-energy-generating element 1s easily
formed. As for the ¢jection-energy-generating element 2, for
instance, a heater type element which generates heat by caus-
ing electricity to pass through a resistor can be applied, and as
another element than the heater type clement, an element
which can convert electricity into bubbling energy can be
applied. The usable ejection-energy-generating eclements
include, for instance, a heating resistor, a piezoelectric body,
and an actuator which is thermally deformed.

Next, as 1s 1llustrated 1n FI1G. 2B, a mold material 3 which
can be removed later 1s formed 1n a region that becomes the
liquid chamber.

The material for the mold material can be appropnately
selected 1n consideration of materials in the periphery. In the
present embodiment, the orifice plate 1s formed of an 1nor-
ganic material, and accordingly the matenal for the mold
material can be selected from an organic resin material and a
metal material. Polyimide can be suitably used as the organic
resin material, from the viewpoint of heat resistance. Alumi-
num or an aluminum alloy can be suitably used as a metal
material, from the viewpoint of being easily removed.

In addition, when the organic resin material to be used for
an etching mask 1s used as the elastic member, the material for
the mold material can be a metal material.

As for a method for forming the mold material 3, when an
organic resin material 1s used as the material for the mold
material, the mold material 3 can be deposited with the use of
a general coating technique such as spin coating. When the
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material for the mold material has photosensitivity, the mate-
rial for the mold material can be patterned by exposure and
development. When the material for the mold material 1s
nonphotosensitive, the material can be patterned with the use
of amask which has been formed on the material for the mold
material and 1s formed of a photoresist or the like, by reactive
ion etching (RIE: Reactive Ion Etching) containing oxygen
gas. When the maternial for the mold material 1s a metal mate-
rial, deposition can be performed by a physical vapor depo-
sition method (PVD: Physical Vapor Deposition) such as
sputtering. The metal material can be patterned by RIE which
uses gas that has been selected according to the metal mate-
rial, through a mask formed of a photoresist. When the metal
material 1s aluminum, for instance, chlorine can be used as the
ctching gas.

Next, as 1s illustrated 1 FI1G. 2C, an orifice plate 4 formed
of an morganic material 1s formed on the substrate 1 and the
mold material 3. The depressed portion 6 1s formed 1n aregion
in which the mold material 1s not arranged.

The orifice plate 4 can be formed, for instance, by using a
CVD method.

The 1norganic material 1s not limited in particular, but
includes, for instance, a silicon-based compound and ceram-
ics. Usable silicon-based compounds include, for instance, a
s1licon-based compound formed of silicon and at least one of
oxygen, nitrogen and carbon. More specifically, the silicon-
based compounds include, for instance, silicon oxide, silicon
nitride, silicon carbide and silicon carbonitride. The ceramics
include, for instance, aluminum oxide and titanium oxide.

As for the deposition method of the inorganic matenal, the
chemaical vapor deposition (CVD) method can be used, and
PECVD (Plasma Enhanced CVD) can be more favorably
used. The CVD can be used because the film can be conifor-
mally formed. In addition, when the deposition 1s performed
by using the CVD, a level difference 1s formed between a
region 1n which the mold material 1s arranged and a region in
which the mold material 1s not arranged, so that a deeper
depressed portion 6 tends to be formed.

Next, as 1s illustrated 1n FIG. 2D, the elastic member 10 1s
tormed on the orifice plate 4 including the depressed portion
6. The elastic member 10 1s filled at least in the depressed
portion 6, and 1s also arranged on the ejection-orifice-forming
wall 4a. The elastic member 10 extends from the 1inside of the
depressed portion 6 onto the ejection-orifice-forming wall.

In the production method of the present embodiment, the
clastic member 10 1s used also as an etching mask to be used
when the ejection orifice 1s formed. As 1s illustrated 1n FIG.
2D, the opening 12 1s provided 1n the elastic member 10, and
an ejection orifice 1s formed 1n a portion of the orifice plate,
which 1s exposed to this opening 12.

A usable method for arranging the material for the elastic
member 10 includes, for instance, a spin coating method.

The material for the elastic member 10 can be a liquid, from
the viewpoint of being easily applied onto the orifice plate by
the spin coating method or the like. In addition, a material
with which the Young’s modulus of the elastic member 10
becomes 1.0x10’ Pa or less can be used as the material for the
clastic member 10.

In addition, the elastic member 10 can have photosensitiv-
ity. When having photosensitivity, the elastic member 10 can
be patterned by exposure/development treatment. When
being nonphotosensitive, the elastic member 10 can be pat-
terned by reactive 10on etching (RIE: Reactive Ion Etching)
which uses oxygen gas as a main component. When the
clastic member 10 has photosensitivity, the number of steps
can be reduced.
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Next, as 1s 1llustrated 1n FIG. 2E, the ¢jection orifice 8 1s
formed by using the elastic member 10 as an etching mask.

Specifically, an orifice plate portion which 1s exposed to the
opening 12 of the elastic member 10 i1s removed, and the
ejection orifice 8 1s formed.

A usable method for forming the ejection orifice includes,
for mstance, a dry etching method. A usable dry etching
method includes, for instance, RIE which uses fluorine as a
main component.

Next, as 1s illustrated 1in FIG. 2F, the mold material 3 1s
removed through the ejection orifice 8 to form the hiquid
chamber 9.

A usable method for removing the mold material includes,
for 1nstance, i1sotropic etching. When the material for the
mold material 1s an organic resin material, the material can be
removed by chemical dry etchung (CDE: Chemical Dry Etch-
ing) which uses oxygen as a main component. In this case, a
part of the surface of the elastic member 10 1s also simulta-
neously removed, and accordingly the elastic member 10 can
be thickly formed in consideration of the amount to be
removed. If the material for the mold material 1s a metal
material, the mold material can be removed by wet etching,
using a chemical liquid which can dissolve the selected metal
material. When the metal matenial 1s, for 1nstance, aluminum,
the etching solution can be used which contains dilute sultu-
ric acid as a main component.

In the above process, a step of forming a supply port which
supplies a liquid to the liquud chamber 9 1s omitted, but the
supply port can be formed, for imnstance, by etching the mold
material from a second face which 1s a face opposite to the
first face of the substrate, after the ejection orifice 8 has been
formed.

Subsequently, the obtained substrate 1s cut and separated
into chips by a dicing saw or the like, and accordingly a liquid
ejection head 1s produced.

The obtained liquid ejection head 1s subjected to a process
of producing electrical connection for driving the ejection-
energy-generating element, and a chip tank member for sup-
plying a liquid therefrom can be connected to the resultant
liquid ejection head.

EXAMPLE 1

An example of the present invention will be described 1n
detail below with reference to process diagrams illustrated 1in
FIGS. 2A to 2F. However, the present invention 1s not limited
to the following example.

Firstly, the configuration of a liquid ¢jection head to be
obtained 1n the present example will be now described with
reference to FI1G. 2F. The orifice plate 4 which 1s formed of an
inorganic material 1s formed on the substrate 1 having the
ejection-energy-generating element 2 on the first face. The
liquid chamber 9 1s formed by the ejection-orifice-forming
wall 4a and the liquid chamber side wall 45 of the orifice plate
4. The elastic member 10 1s provided so as to cover the orifice
plate 4. The orifice plate 4 was formed of silicon nitride (SiN)
to have a film thickness of 5 um. The elastic member 10 1s
formed of a photosensitive resin material (trade name: OMR -
81 made by TOKYO OHKA KOGYO CO., LTD.) of which
the Young’s modulus is 5.0x10° Pa. The elastic member 10 is
filled in the depressed portion 6, and the upper end of the
clastic member 10 1s configured to be higher than the upper
tace of the ejection-orifice-forming wall 4a. In addition, the
thickness of a portion of the elastic member provided 1n the
depressed portion 6 was 15 um. The thickness of a portion of
the elastic member provided on the ejection-orifice-forming
wall 4a was 5 um.
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By such a configuration, when paper jam occurs or an
object other than paper sheets 1s generated, which has a pos-
s1ibility of coming 1n contact with the ejection orifice, to apply
an external force to the surface of the head, the elastic member
exhibits an effect of suppressing transmission of the external
force to the ejection-ornfice-forming wall 4a. More specifi-
cally, the elastic member can absorb the external force. In
addition, the width of the opening 12 of the elastic member 1s
the same as that of the ejection orifice, and the clearance 1s
mimmal. Accordingly, the elastic member can prevent an
object having a larger size than that of the ejection orifice
from directly coming 1n contact with the ejection orifice. As a
result, the liquid ejection head can be obtained which reduces
the external force that may reach the orifice plate formed of
the 1norganic material and resists being broken by the external
force.

Next, a production method of the present example will be
described with reference to FIGS. 2A to 2F.

Firstly, as 1s 1illustrated in FIG. 2A, the substrate 1 was
prepared which had an ejection-energy-generating element 2
on the first face. The thickness of the substrate 1s 110 um. The
substrate 1s a silicon single-crystal substrate of which the
drawn orientation of the ingot 1s <100>. On the substrate, a
wire (not-shown) necessary for driving the ejection-energy-
generating element 2 1s formed.

Next, as 1s 1llustrated in F1G. 2B, the mold material 3 which
can be removed 1n a later step was formed 1n a region that
corresponded to the gjection-energy-generating element to be
the liquid chamber.

Aluminum was used as the material for the mold material.
A film of aluminum was deposited by a physical vapor depo-
sition method (PVD: Physical Vapor Deposition). The film
thickness was 5 um. The aluminum {ilm was patterned in the
following way. Firstly, a positive type resist (trade name:
OFPR made by TOKYO OHKA KOGYO CO., LTD.) was
applied onto the aluminum film by a spin coating method.
Subsequently, the aluminum film was exposed to light 1n an
exposure amount of 1 J/cm®, and the resultant aluminum film
was subjected to development treatment by NMD?3 for 3
minutes. Thereby, a mold material with a thickness of 5 um
was formed.

Next, as 1s illustrated 1n FIG. 2C, an inorganic material was
arranged with a PECVD method so as to cover the substrate 1
and the mold material 3, and an orifice plate was formed. SiN
was used as the iorganic material.

Next, as 1s 1llustrated 1n FIG. 2D, the elastic member 10 1s
formed on the orifice plate. The elastic member 10 has the
opening 12 on a region to form the ejection orifice. In addi-
tion, the elastic member 10 1s filled at least in the depressed
portion 6.

A photosensitive resin material (trade name: OMR-81
made by TOKYO OHKA KOGYO CO., LTD.) was used as
the material for the elastic member 10.

The photosensitive resin material was applied to the orifice
plate, then a region other than a region 1n which the opening,
12 was to be formed was exposed to light with an exposure
amount of 2 J/cm”, the exposed region was developed for 3
minutes, and thereby the elastic member 10 was formed. The
Young’s modulus of the elastic member 10 was 5.0x10° Pa.

Next, as 1s illustrated 1n FI1G. 2E, the orifice plate portion
which was exposed to the opening 12 was removed, and
thereby the ejection orifice 8 was formed.

The ejection orifice was formed by RIE (reactive 10n etch-
ing) using fluorine as a main component with the elastic
member 10 as an etching mask.

Next, a protective layer for protecting the orifice plate was

formed. A resist (trade name: OBC made by TOKYO OHKA
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KOGYO CO., LTD.) having resistance to an alkaline solvent
was used as the protective film. After that, a supply port for

supplying a liquid to the liquid chamber was formed with an
alkaline solvent (trade name: TMAH made by TOKYO
OHKA KOGYO CO., L'TD.), from a side of the substrate
where the orifice plate was not formed, 1n other words, from
the side of the second face (not shown).

Next, as 1s illustrated 1n FIG. 2F, the mold material 3 was
removed, and the liquid chamber 9 was formed. The mold
material was dissolved and removed with the use of dilute
sulfuric acid.

Subsequently, the obtained substrate was cut and separated
into chips by a dicing saw, and a liquid ejection head was
formed.

The obtained liquid ejection head was subjected to a pro-
cess of producing electrical connection for driving the ejec-
tion-energy-generating element, a chip tank member was
connected to the resultant liquid ejection head, and thereby a
liquid ejection head apparatus was produced.

Finally, in order to confirm an effect of the liqud ejection
head which was produced 1n the above described method, the
durability with respect to paper jam was checked with the use
of the obtained liquid ejection head apparatus. As a result, no
crack was recognized 1n the nozzle.

EXAMPLE 2

An example of the present invention will be described 1n
detail below with reference to process diagrams illustrated 1in
FIGS. 4A to 41. However, the present invention 1s not limited
to the following example.

Firstly, the configuration of a liquid ¢jection head to be
obtained 1n the present example will be now described with
reference to FIG. 41. The configuration of the liquid ejection
head of the present example has a structure in which the
opening width ol the opening 12 of the elastic member 1n FIG.
2F 1n Example 1 has been enlarged. The opening width of the
opening 12 (which 1s expressed as a second opening 12 in the
present example) 1s the above described ‘b’ 1s larger than the
opening width ‘a’ (width of ejection orifice) mn FIG. 2F 1n
Example 1, and 1s smaller than the width ‘¢’ of the ejection-
orifice-forming wall 4a.

In the present example, the steps of FIGS. 4A to 4F are the
same as those of FIGS. 2A to 2E, and accordingly the descrip-
tion will be omitted. Note that in the present example, the
opening 12 in Example 1 1s expressed as a first opening 12",

The steps of FIGS. 4F to 41 will be described below.

As 1s 1llustrated 1n FIG. 4F, an etching mask 13 for widen-
ing the opening width of the first opening 12', 1n other words,
for forming the second opeming 12 having the opening width
‘b’ was formed on the whole surface of the substrate including
the ejection orifice and the surface of the elastic member, with

the use of a spray method.
A positive type resist (trade name: AZP4620 by AZ E

Elec-
tronic Materials) was used as a material for the etching mask
13. The positive type resist was applied onto the substrate, the
applied resist was exposed to light with an exposure amount
of 2 J/ecm?, and the exposed resist was developed by NMD?3
for 3 minutes, and thereby the etching mask 13 (with a film
thickness of 3 um) was formed. The spray coating method has
an advantage of being capable of decreasing film loss of the
clastic member when the resist 1s removed 1n a later step,
since the ejection orifice can be covered with a small amount
of resist compared to the spin coating method.

Next, as 1s 1llustrated in FI1G. 4G, the second opening 12
(opening width ‘b’) was formed in the elastic member by
being subjected to RIE using the etching mask 13.
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Next, as 1s 1llustrated 1n FIG. 4H, the etching mask 13 was
removed by CDE (Chemical Dry Etching).

Next, 1 a similar way to that in Example 1, a protective
layer was formed, and then a supply port (not-shown) was
formed.

Next, as 1s illustrated 1n FIG. 41, the mold material was
removed, and the liquid chamber 9 was formed.

Subsequently, the obtained substrate was cut and separated
into chips by a dicing saw, and a liquid ejection head was
produced.

The obtained liquid ejection head was subjected to a pro-
cess of producing electrical connection for driving the ejec-
tion-energy-generating element, a chip tank member was
connected to the resultant liquid ejection head, and thereby a
liquid ejection head apparatus was produced.

Finally, 1n order to confirm an effect of the liquid ejection
head which was produced 1n the above described method, the
durability with respect to paper jam was checked with the use
of the obtamned liquid ejection head apparatus. As a result, no
crack was recognized 1n the nozzle.

EXAMPLE 3

An example of the present invention will be described 1n
detail below with reference to process diagrams illustrated 1n
FIGS. 5A to 51.

Firstly, the configuration of a liqud ejection head to be
obtained 1n the present example will be now described with
reference to FIG. SI. The configuration of the liquid ejection
head of the present example has a structure in which the
opening width of the second opening of the elastic member 1n
FIG. 41 of Example 2 1s enlarged. The opening width of the
second opening 12 1s the above described ‘c’. Because of this,
the liguid ejection head illustrated 1in FIG. 31 has a structure in
which the elastic member 1s not arranged on the ejection-
orifice-forming wall 4a.

In the present example, the steps of FIGS. SA to SE are the
same as those of FIGS. 4A to 4E, and accordingly the descrip-
tion will be omaitted.

The steps of FIGS. 5F to 51 will be described below.

As 1s 1llustrated 1n FIG. SF, the etching mask 13 for wid-
ening the opening width of the first opeming 12', 1n other
words, for forming the second opening 12 having the opening
width ‘c’, was formed on the whole surface of the substrate
including the ejection orifice and the surface of the elastic
member, with the use of a spray method.

A positive type resist (trade name: AZP4620 by AZ Elec-
tronic Materials) was used as a material for the etching mask
13. The positive type resist was applied onto the substrate, the
applied resist was exposed to light with an exposure amount
of 2 J/cm?, and the exposed resist was developed by NMD3
for 3 minutes, and thereby the etching mask 13 (with a film
thickness of 3 um) was formed. The spray coating method has
an advantage of capable of decreasing film loss of the elastic
member when the resist 1s removed 1n a later step, since the
ejection orifice can be covered with a small amount of resist
compared to the spin coating method.

Next, as 1s 1llustrated 1n FIG. 3G, the second opening 12
(opening width ‘c’) was formed 1n the elastic member by
being subjected to RIE using the etching mask 13.

Next, as 1s illustrated 1n FIG. 5H, the etching mask 13 was
removed by CDE.

Next, 1 a similar way to that in Example 1, a protective
layer was formed, and then a supply port (not-shown) was
formed.

Next, as 1s illustrated 1n FIG. 51, the mold material was
removed, and the liquid chamber 9 was formed.
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Subsequently, the obtained substrate was cut and separated
into chips by a dicing saw, and a liquid ejection head was
produced.

The obtained liqguid ejection head was subjected to a pro-
cess of producing electrical connection for driving the ejec-
tion-energy-generating element, a chip tank member was
connected to the resultant liquid ejection head, and thereby a
liquid ejection head apparatus was produced.

Finally, in order to confirm an effect of the liquid ejection
head which was produced 1n the above described method, the
durability with respect to paper jam was checked with the use
ol the obtained liquid ejection head apparatus. As aresult, the
crack was not recognized 1n the nozzle.

EXAMPLE 4

An example of the present invention will be described 1n

detail below with reference to process diagrams illustrated 1n
FIGS. 6A to 61.

Firstly, the configuration of a liquid ejection head to be
obtained 1n the present example will be now described below
with reference to FI1G. 61. The structure of the liquid ejection
head of the present example 1s formed to be a structure in
which the upper face of the elastic member of the liquid
ejection head in Example 1 has a plurality of micro roughness
structures (heremafter also referred to as a micro roughness
structure). In the present example, as for the shape of the
micro roughness 11, all of length, width and height were 3
um. By forming the upper face of the elastic member 1nto the
micro roughness structure, the elastic member can enhance a
capability of alleviating shock. The micro roughness struc-
ture can include, for mstance, a structure 1n which a plurality
of micro projections with a columnar shape, a conical shape,
a prismatic shape or a pyramid shape are arranged. The micro
projections can be regularly arranged. The height of the micro
projection 1s, for mstance, 0.1 um or more and 0.5 um or less.
The longest width of the cross section ({or instance, 1f the
cross section shows a circular shape, 1t 1s the diameter) per-
pendicular to an extension direction of the micro projections
1s, for instance, 0.01 um or more and 0.1 um or less. The
distance between the vertexes of the adjacent micro projec-
tions 1s, for mstance, 0.01 um or more and 0.1 um or less.

In the present example, the steps of FIGS. 6 A to 6F are the
same as those of FIGS. 2A to 2E, and accordingly the descrip-
tion will be omuitted.

The steps of FIGS. 6F to 61 will be described below.

As 1s 1llustrated 1n FIG. 6F, an etching mask 14 for forming
the micro roughness, which would be used for forming the
micro roughness 11 on the elastic member 10, was formed on
the elastic member.

A positive type resist (trade name: AZP4620 by AZ Elec-
tronic Materials) was used as a material for the etching mask
14 for forming micro roughness. The positive type resist was
applied onto the substrate, the applied resist was exposed to
light with an exposure amount of 2 J/cm?, and the exposed
resist was developed by NMD3 for 3 minutes, and thereby the
ctching mask 14 (with film thickness of 3 um) for forming
micro roughness was formed.

Next, as 1s illustrated 1n FIG. 6G, the upper face of the
clastic member was formed into the micro roughness struc-
ture by RIE, using the etching mask 14 for forming micro
roughness.

As for the shape of the micro roughness 11, all of the
length, the width and the height were 3 um, and the micro
roughness 11 was uniformly arranged on the whole upper
face of the elastic member.
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Next, as 1s 1llustrated 1n FIG. 6H, the etching mask 14 for
forming the micro roughness was removed by CDE.

Next, 1 a similar way to that in Example 1, a protective
layer was formed, and then a supply port (not-shown) was
formed.

Next, as 1s i1llustrated 1n FIG. 61, the mold material was
removed, and the liquid chamber 9 was formed.

Subsequently, the obtained substrate was cut and separated
into chips by a dicing saw, and the liquid ejection head was
produced.

The obtained liquid ejection head was subjected to a pro-
cess of producing electrical connection for driving the ejec-
tion-energy-generating element, a chip tank member was
connected to the resultant liquid ejection head, and a liqud
¢jection head apparatus was produced.

Finally, 1n order to confirm an effect of the liquid ejection
head which was produced 1n the above described method, the
durability with respect to paper jam was checked with the use
of the obtained liquid ejection head apparatus. As a result, no
crack was recognized 1n the nozzle.

The present invention can be applied to a recording head of
an ink-jet printer.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-225401, filed Oct. 30, 2013, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. A liqud ejection head comprising:

a substrate having an ejection-energy-generating element

for generating energy for e¢jecting a liquid;

an orifice plate including at least an ejection-orifice-form-

ing wall that constitutes an ejection orifice for ¢jecting

the liquid and an upper wall of a liquid chamber com-
municating with the ejection orifice, and a liquid cham-
ber side wall that constitutes a side wall of the liqud
chamber, wherein

the orifice plate 1s formed of an inorganic material,

the liqguid ejection head comprises:

a plurality of liquid chambers; and

an elastic member filled mto a depressed portion formed
between the liquid chamber side wall of one liquid
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chamber of the liquid chambers adjacent to each other
and the liquid chamber side wall of the other liquid
chamber, and

an upper end of the elastic member 1s arranged 1n a position

higher than an upper face of the ¢jection-orifice-forming
wall.

2. The liqud ejection head according to claim 1, wherein
the elastic member 1s arranged also on the ejection-orifice-
forming wall.

3. The liqud ejection head according to claim 2, wherein
the elastic member has an opening which communicates with
the ejection orifice, on the ejection-orifice-forming wall.

4. The liquid ejection head according to claim 3, wherein a
width of the opening 1s larger than a width of the ejection
orifice, and 1s smaller than a width of the ejection-orifice-
forming wall.

5. The liquid ejection head according to claim 3, wherein
the width of the opening coincides with the width of the
¢jection orifice.

6. The liqud ejection head according to claim 1, wherein
the elastic member 1s not arranged on the ejection-orifice-
forming wall.

7. The liqud ejection head according to claim 1, wherein
an upper face of the elastic member 1s formed 1nto a shape
having a plurality of micro roughness structures.

8. The liquid ejection head according to claim 1, wherein a
Young’s modulus of the elastic member is 1.0x10’ Pa or less.

9. The liquid ejection head according to claim 1, wherein a
Young’s modulus of the elastic member is 1.0x10° Pa or
more.

10. A method for producing the liquid ejection head
according to claim 1 comprising:

(1) forming a mold material of the liquid chamber on the

substrate;

(2) forming the ornfice plate on the mold material by a

chemical vapor deposition method;

(3) forming an etching mask so as to cover the orifice plate;

and

(4) forming the ejection orifice by using the etching mask,

wherein the etching mask 1s left to function as the elastic

member.

11. The method for producing the liqmd ejection head
according to claim 10, wherein the etching mask 1s formed by
using a photosensitive resin material.
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